Image enhancement is a significant branch of image processing and it can effectively improve the global or local features of the image. It highlights some information of the image and suppresses or weakens other information so as to make it more suitable for eye observation as well as computer analysis and processing. So far, the scientific theoretical research and practical applications of fuzzy set have made abundant achievements. Numerous fuzzy matters and phenomena have urged people to search and build a logic model to describe them, namely the fuzzy set theory. This paper proposes an image enhancement method based on fuzzy set, introduces the relative gray of the pixel as the fuzzy classification feature, performs fuzzy enhancements with the improved membership function and sets different thresholds to increase the gray interval or to make the gray evenly distributed, increase the contrast and make the image details clearer. The experiment result proves that the method of this paper is effective and that it can improve the low contrast and the gray dynamic range of the image and can enhance the image readability.
INTRODUCTION
Image distortion and deformation as well as greatly different exposures are an inevitable outcome in the imaging, image reproduction and transmission and various noises and interferences can blur the image. Therefore, it is necessary to perform some proper transformation on the degraded image, to emphasize or sharpen such image features as the edge, the outline and the contrast, to highlight certain useful information and to remove or weaken some useless information in order to meet the demands of the post-processing and analysis. As an important preprocessing process to improve the image quality, image enhancement can strengthen the image fidelity and definition and it is the foundation of image analysis and understanding. Nowadays, the fuzzy theory has been increasingly widely introduced in the field of image processing in order to improve the image readability (Eunseop and Kweon-Ho et al., 2014) .
Image processing technology can be dated back to as early as the 1960s. Jet Propulsion Laboratory of California Institute of Technology in America has processed the image of the moon for the first time, marking the practical application of image processing technique. At present, the frequently-used image enhancements include gray-scale transformation, histogram modification, image sharpening, noise removal, geometrical distortion rectification, frequency-domain filtering and color enhancement (Wenda and Zhijun et al., 2014) . However, the traditional image enhancement methods are usually based on the statistics of the entire image. Under this circumstance, the low-and high-frequency information and the noises in the image have also been transformed during the calculation of the image transformation, therefore, the grayscale of the transformed image will reduce, certain details will disappear, there is a high peak in the histogram and the contrast is unnatural. From this prospect, more and more scholars have been participating in the research of image processing based on intelligent theories and proposing numerous algorithms or improvements on the existing algorithms (Amer and Amira, 2014). Fuzzy theory was developed on the mathematical basis of fuzzy set theory founded by Professor Zadeh in the year of 1965 and it includes fuzzy membership function, fuzzy entropy, fuzzy clustering and fuzzy logic. Membership function, an important concept to represent the fuzziness of an object, is the foundation of fuzzy theory. The image subset to present the object can be seen as the fuzzy set and the geometrical shape of the image can be expanded to fuzzy geometry. These are the premise of the understanding of image blurring (Raúl and Pedro et al., 2015) .
This paper firstly explores the theoretical foundation of image enhancement, which includes grayscale transformation, histogram equalization and so on and analyzes the theory of fuzzy set. Then, based on the above research achievements, it combines the fuzzy set and histogram equalization and realizes the image enhancement. Finally, the comparison of the images and histograms before and after the processing proves that the method of this paper can effectively improve the low contrast and the gray dynamic range so as to enhance the visual effect of the processed image.
IMAGE ENHANCEMENT
Image enhancement algorithm is based on the statistics of the entire image and it is divided into the enhancement methods based on the spatial domain and the frequency domain according to different action scopes of the method in the 2-dimensional space. Spatial-domain method uses such methods as averaging and median filtering to calculate the gray value of each pixel and between the pixels based on the pixel processing. The frequency-domain method, based on Fourier transform, uses low-and high-pass filtering to perform the image signal enhancement based on two-dimensional Fourier transform. Grayscale histogram is the foundation of image enhancement and image enhancement techniques include grayscale transformation, histogram modification, image sharpening and image smoothing (Dongwook and Tien, 2014).
Image Grayscale Transformation and Contrast Enhancement
Grayscale transformation can highlight the interesting feature information of the image, expand the image dynamic scope, improve the subjective visual quality of the image and enhance the image readability. It includes linear transformation, piecewise linear transformation and non-linear transformation. Three-section linear transformation is frequently used, as indicated in Fig.1 and the corresponding mathematical expression is as follows.
(1)
Figure 1. Three-section linear transformation of image grayscale
In the above Figure 1 , is input image signal and is the linear transformation output signal, , and . The size of the image contrast mainly depends on the difference between the gray levels of images. The contrast adjustment of image is realized by the density difference between the brightest part and the darkest part of the photographed subject. The human eye is more sensitive to the high frequency signal at the edge, details of image information are often high frequency signals, embedded in a large number of low frequency background signals, making its visual visibility decreased. The traditional linear contrast pulling up is used extensively as a global image enhancement method, the linear transformation of contrast adjust the dynamic range of image, but sometimes it lose the local information of image. Image contrast enhancement is as shown in the following Fig.2 .
In the Figure 2 , represent the mapping relationship between the input image and the output image correspond to the pixel point gray level.
Histogram Equalization
Histogram represents the statistical relation of the frequency of each grayscale of the image and it can describe the grayscale range, the frequency of each grayscale and its distribution as well as the average light and shade and the contrast of the entire image. Histogram equalization is to perform non-linear stretch on the image, reallocate the image pixel value and evenly distribute the grayscale histogram of the original image from certain concentrated grayscale range to the entire range. Histogram equalization can enhance the image contract, improve the image discrimination and expand the dynamic range of the pixel gray value and it can be used to image enhancement effectively.
Assume that the image grayscales are the continuous quantity within the normalization range of , make represent the probability density function (PDF) of the image grayscale, implement the following transformation on the input grayscale and obtain the processed output gray function.
(2)
In this formula, is an integral variable and it can be seen that the PDF of the output grayscale is even, namely
Formula (3) is a cumulative distribution function (CDF) and it performs mapping transformation on the pixel grayscale to make the probability density of the grayscale of the transformed image evenly distributed. It means that the dynamic range of the image grayscale has been expanded and the image contrast has been improved (G. Raju and Madhu S, 2014) .
FUZZY SET THEORY

Representation and Operation of Fuzzy Set
Fuzzy set has its own unique properties and operations and its basic idea is to flexiblise the absolute membership relationship in the classical set. In this way, the membership of the element to the set is not restricted to 0 or 1, but any figure within 0 and 1.
For a given domain of discourse , a mapping from to the unit interval of is called a fuzzy set or a fuzzy subset of , marking as . The mapping function is called the membership function of the fuzzy set . For every is called the membership of element to the fuzzy set .
The fuzzy subset in the domain of discourse is represented with the membership function and it value is within . reflects the dependency of on the fuzzy subset. The closer to 1 the value of is, the higher dependency is on , the closer to 0 the value of is, the lower dependency it is. Therefore, the fuzzy subset is totally described by the membership function (Ulrich Höhle, 2015; Shou-Hsiung and Shyi-Ming, 2015) .
The fuzzy set follows every rule of set operation and it has its own sub, intersection and complementary operations, set algebra operation and set relationship operation. The three operations of fuzzy set are shown in 
Membership Function and Threshold Principle of Fuzzy Set
Membership function represents the fuzziness of the objects. One membership function only confirms one fuzzy set and one fuzzy set corresponds to one membership function. The membership function represents the fuzzy set.
When is a finite set ,
Here, refers to the relationship between the element in the domain of discourse and its membership , + is the entirety of fuzzy set in the domain of discourse . When is an finite continuous domain,
Similarly, stands for the corresponding relationship between the element in the domain of discourse and the membership and represents a summary of the corresponding relationship between the element in the domain of discourse and the membership . The confirmation of membership function is not the only one (Tapan, 2015) .
Firstly, fuzzy set extract and recognize the relevant features from the objects to be recognized and measure these features. Then, build the membership function for the fuzzy set. After that, confirm the attribution principle and build the threshold selection to judge which set the objects to be recognized belong to. The threshold selection of fuzzy set uses the following principles (Lluís and Siegfried, 2015) .
Assume that are standard types and is a threshold. Make .
If
, it can't be recognized, if and ， … , then belongs to .
EXPERIMENT SIMULATION AND ANALYSIS
Improvements of Membership Function of Fuzzy Set
The main idea of the algorithm of this paper is to reduce the pixel gray value in the low grayscale areas and to increase to gray value in the high grayscale areas. If the pixel number of an image is , which has gray level, the pixel point number of gray level is , then . This paper uses the following membership function to enhance the image with the fuzzy set theory.
In the formula (6), represents gray level, is the pixel value at pixel point . Map the image to the fuzzy plane with Formula (6) and realize the image blurring. Meanwhile, perform the following improvements on the enhancement operator.
In the above formula (7), , , is within (0,1) and it can be adjusted according to different images so as to obtain different enhancement effects. In this way, this entire function can
, 1 t t kk    ( , ) t i j  t  transit smoothly. It not only prevents over-enhancements, but also enhances the detail edge information of the image. Finally, in order to obtain the enhanced image, perform inverse transformation on and get the grayscale value of the pixel point in the enhanced image.
This improved algorithm will not lose the low grayscale information and reduce little information entropy in the image and the fuzzy enhancement has certain correlation with .
Experiment Analysis
In order to test the performance and effectiveness of proposed algorithm in this paper, we compare it with the traditional histogram equalization method, and evaluates the enhancement results by analyzing the distribution of the histogram. Fig.4 is an image of cameraman, and Fig.5 is an image of pout, Both in the Fig.4 and Fig.5, (a) are an original images, they are all standard test images of Matlab software, (b) are output images of histogram equalization method, and (c) are the output images of proposed algorithm. This experiment is conducted in the hardware environment of Intel Core i5 3.3GHz CPU and with a memory of 4G and in the software environment of MATLAB2010. The experiment results are shown in Fig.4 and Fig.5 . It can be seen from the above comparison that the original images of Fig.4 and Fig.5 are dark, most gray value of Fig.4 (a) is concentrated in the gray range of [100, 200] , and most gray value of Fig.5 (a) is concentrated in the gray range of [0, 150] . By the traditional histogram equalization processing, the original images have been over enhanced greatly and the color has become light, the histogram of images has been fully extended, histogram occupies the grayscale allowance range of the entire image and the pixels are relatively distributed evenly in the high-, middle-and low-grayscale, the histogram is becoming smooth, the grayscale is reduced and certain grayscales have been combined. However, after being processed by the proposed algorithm, The brightness of images has been improved, the details of image has been enhanced, the contrast of image has been improved, the details of image information is more prominent, and the effect of enhancement is natural. The histogram shape of the images processed by proposed algorithm are the same with the histogram shape of original images basically. By the comprehensive comparison, we can see that the improved algorithm proposed in this paper is better than traditional method, the image contrast has been enhanced, the visual effect has been improved and the information detail has been highlighted.
CONCLUSIONS
Image enhancement is an important link in the image preprocessing and its result directly influence the advanced image processing and image interpretation. Based on the analysis and summary of the existing image enhancement techniques, this paper has proposed a fuzzy set image enhancement method based on the improved membership function. This method can better solve the overstretch of the image contrast and control the gray mapping range. From both the subjective analysis and the objective judgment, the method of this paper has better enhancement result and it improves the image separability. Besides, it is conductive for the visual interpretation of the image and it is a feasible image enhancement method.
